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ABSTRACT 

We present optical and X-ray data for a sample of serendipitous XMM-Newton 
sources that are selected to have 0.5-2 keV vs 2-4.5 keV X-ray hardness ratios 
which arc harder than the X-ray background. The sources have 2-4.5 keV X-ray flux 
> 10 erg cm~ 2 s~ 4 , and in this paper we examine a subsample of 42 optically 
bright (r < 21) sources; this subsample is 100 per cent spectroscopically identified. 
All but one of the optical counterparts are extragalactic, and we argue that the 
single exception, a Galactic M star, is probably a coincidental association rather 
than the correct identification of the X-ray source. The X-ray spectra of all the 
sources are consistent with heavily absorbed power laws (21.8 < log Nh < 23.4), 
and all of them, including the 2 sources with 2-10 keV intrinsic luminosities of 
< 10 42 erg s _1 , appear to be absorbed AGN. The majority of the sources show 
only narrow emission lines in their optical spectra, implying that they are type- 
2 AGN. Three sources have 2-10 keV luminosities of > 10 44 erg s~ 4 , and two 
of these sources have optical spectra which are dominated by narrow emission 
lines, i.e. are type-2 QSOs. Only a small fraction of the sources (7/42) show broad 
optical emission lines, and all of these have Njj < 10 23 cm~ 2 . This implies that 
ratios of X-ray absorption to optical/UV extinction equivalent to > 100 x the 
Galactic gas-to-dust ratio are rare in AGN absorbers (at most a few percent of the 
population), and may be restricted to broad absorption-line QSOs. Seven objects 
appear to have an additional soft X-ray component in addition to the heavily 
absorbed power law; all seven are narrow emission line objects with z < 0.3 and 
2-10 keV intrinsic luminosities < 10 43 erg s _1 . We consider the implications of our 
results in the light of the AGN unified scheme. We find that the soft components 
in narrow-line objects are consistent with the unified scheme provided that > 4 
per cent of broad-line AGN have ionised absorbers that attenuate their soft X-ray 
flux by > 50 per cent. In at least one of the X-ray absorbed, broad-line AGN in 
our sample the X-ray spectrum requires an ionised absorber, consistent with this 
picture. 
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1 INTRODUCTION 

Deep surveys with Chandra and XMM-Newton have 
now resolved the majority of the extragalactic X- 
ray backg round (XRB) at < 5 keV into point 
sources (I Alexander et al.. 2003|; Rosati et al.. 2 002; 



IWorslev et al.. 20041 : iBauer et al.. 20041 ). At the bright 
flux limits that were probed with Einstein and ROSAT 
surveys, the soft X-ray sky is d ominated by broad-line 
AGN with soft X -ray spectra l|Maccacaro et ah . 1988; 
iMittaz et a~ 999). At faint flux es, the bulk of the 
sources have hard X-ray spectra l|Giacconi et al.. 200 ll ; 
iBrandt et al.. 2001). as required to produce the overall 
XRB spectral shape. XRB synthesis models predict 
that these faint, hard sources are intrinsically absorbed 



AGN (e.g. [Setti fc Woltier. 19891 ; IComastri et al.. 19951 ; 



iGilli. Salvati fc Hasinger. 200ll ). These absorbed sources 
are likely to be the dominant AGN population: they are 
responsible for the majority of the XRB energy density 
and proba bly outnumber unabsorbe d AGN by a factor of 
4 or more l|Fabian fc Iwasawa. 1999 | ). as is found in optical 
and X-ray studies of local AGN (iMaiolino fc Rieke. 1 995; 



iRisaliti. Maiolino fc Salvati. 199S ). Optical/infrared 
imaging and spectroscopy of the faint, hard-spectrum 
sources, while consistent with the absorbed AGN hy- 
pothesis, reveals a heterogeneous population. Many 
of these sources are narrow-line AGN (Seyfert 2s 
and QSO 2s), others show no emission lines whatso- 
ever, while s ome are optically un o bscured, broad line 
AGN (e.g. iMainieri et al.. 20021; iBarger et al- 200$ ; 



ISzokolv et al.. 20041 ; iPage et al.. 2 006b) . This variety 
suggests that there is a large range of gas-to-dust ratios 
within the absorbed population. 

There are a variety of important issues regard- 
ing the absorbed population which remain to be 
addressed. First, the relationship between the op- 
tical spectroscopic characteristics and the level 
of X-ray absorptio n is not fully understood (e.g . 



Maioli no et al.. 200ll ; IPage. Mittaz fc Carrera. 2001 



^^^^^^^^^^H^^^K^" . ^^^^^^^^^^^^^^^^^^^^^^^ 

Boiler et al. . 20031; Barcons. Carrera & Ccballos. 2003 



Cacciani ga et al.. 20041 ; ICarrera. Page fc Mittaz. 2004h . 



Nor is it established whether the fraction of ab- 
sorbed AGN depends on redshift and/or on lu- 
minosity: several recent studies suggest that the 
fraction of absorbed AGN decr eases with lumi- 
nosity and/or redshift (e.g. ICowie et al.. 20031; 



Barger et al.. 20031; ISteffen et al.. 20031 ; lUeda et al.. 20031 ; 
La Franca et al.. 20051 ). while other studies suggest 
that the abs orbed fraction is i nd ependent of lumi- 
nosity (e.g. iTreister etal.. 2004 ID welly et al.. 20051 ; 



iDwellv fc Page. 20061 : 



Tozzi et al.. 20061 ). Indeed, 
this issue h as been debated since a t least the early 
1980s (e.g. lLawrence fc Elvis. 19821 ; iMushotzkv. 19821 ; 
M accacaro. Gioia fc Stocke. 19841 ) . Another partic- 
ularly important question is whether the absorbed 
AGN population is wholly related to the unabsorbed 
population by AGN geometric unification schemes 
(|Antonucci. 19931 ) . Broad line AGN with significant X-ray 
absorption but l i ttle or no optical /UV obscuration (e.g . 



Barr et al- 19771; lElvis et al- 1994 ; lAkivama et al- 2000l ; 
Page. Mittaz fc Carrera. 200ll ) have proven particularly 
challenging to fit within such schemes. Alternatively, 
parts of the absorbed population may be physically 



distinct from the unabsorbed pop ulation, as predicted 
by some e volutio nary models llSanders et al- 1988; 
iFabian. 19991: iFranceschini. Braito fc Fadda. 2002; 



lElvis. Marengo fc Karovska. 20021 ; IPage et al- 2004 ). 

In this paper we present a sample of serendipitous 
XMM-Newton sources selected to have hard X-ray spectra 
in the 0.5-4.5 keV energy range. This sample is well suited 
for the study of the X-ray and optical characteristics of the 
X-ray/optically bright part of the X-ray absorbed AGN 
population. We describe the X-ray and optical selection of 
the sample in detail in Section [5] and in Sections [3] and 
0] we describe the optical spectroscopic observations and 
the construction of the X-ray spectra. Our results are pre- 
sented in Section [5] and their implications for the absorbed 
AGN population are discussed in Section [6] Throughout 
this paper we assume Ho = 70 km s _1 Mpc -1 , f2 m = 0.3, 
and Qa = 0.7. We define a power law spectrum such that 
dN/dE = AE~ T where N is the number of photons, E is 
photon energy, F is the photon index and A is the normal- 
isation. 



2 SAMPLE SELECTION 

Thanks to XMM-Newton^ exceptional throughput and 
large field of view (30' diameter), a serendipitous XMM- 
Newton catalogue is the obvious resource with which to 
find bright examples of the absorbed AGN population. 
Our serendipitous catalogue was constructed by concate- 
nating the source lists from 100 pipeline processed XMM- 
Newton fields. This catalogue preceded the public re- 
lease o f the 1XMM catalo gue, which is about 6 times 
larger. l| Watson et al- 20031 ) but contains similar informa- 
tion about each source. The targets of the XMM-Newton 
observations were excluded from the catalogue. Hard- 
spectrum sources are heavily outnumbered at bright fluxes 
by soft-spectrum, unabsorbed AGN, even in the 2-10 keV 
band. Therefore we have selected our sample from the cat- 
alogue using the 2-4.5 keV vs 0.5-2 keV hardness ratio. We 
refer to this ratio as U HR2" to follow the convention used 
in the 1XMM catalogue. HR2 is defined as 

HR2 = CR2 - 4 5 ~ C^ - 5 - 2 (i) 

CR2-4.5 + CR0.5-2 
where CR2-4.5 is the vignetting-corrected countrate in the 
2-4.5 keV range and CR0.5-2 is the vignetting-corrected 
countrate in the 0.5-2 keV range. HR2 is calculated in- 
dependently for each of the 3 EPIC cameras. The specific 
criterion used to select the sample is: 
HR2 - a HR 2 > -0.3 (2) 
where ohb,2 is the 68% uncertainty on HR2. The HR2 
threshold of —0.3 corresponds approximately to the slope 
of the XRB in the same energy range, so that only ob- 
jects with spectra harder than the XRB will be picked 
up with this criterion. This range of HR2 also cor- 
responds to the most heavily a bsorbed AGN typically 
found in XMM-Newton surveys l|Caccianiga et aET 2004; 
iDella Ceca et al.. 20041 ). the numbers and redshifts of 
whi ch place significant c onstraints on XRB synthesis mod- 
els l|Dwellv et al.. 20051 ). For inclusion in the sample, we 
require a source to have a detection likelihood (DET_ML 
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HR2 

Figure 1. HR2 and HR3 hardness ratio distribution of the 
optically bright sources (large dots) and optically- faint / blank- 
field sources (small dots) from the hard spectrum sample. 
The underlying greyscale and contours show the pn-camera 
hardness ratio distribution of the entire high galactic latitude 
(| b |> 20°) 1XMM catalogue, and have a logarithmic scaling 
l lWatson et al- 20031) . 



in 1XMM) > 7.£| in the 2-4.5 keV band, 2-4.5 keV flux 
> lCT 14 erg cm" 2 s" 1 Galactic N H < 5 x 10 20 cm~ 2 , 
|6| > 30 degrees, and satisfy equation [2] in at least one 
of the three EPIC cameras. The DETJVIL threshold of 
7.5 corresponds to a probability of being a background 
fluctu ation of 5 x 10~ 4 , an d a spurious source fraction of 
< 1% l| Watson et al.. 20031 ). From a total of 9340 sources 
with DETJVIL > 7.5 found in the 100 XMM-Newton fields 
used here, we obtained a sample of 136 sources which meet 
the selection criteria for our hard spectrum sample. 

The sources were categorised according to optical 
magnitude to facilitate our optical identification pro- 
gramme. Those sources with counterparts on SuperCOS- 
MOS digitisations of the Palomar or UK Schmidt Tele- 
scope sky survey plates within 6" of the X-ray position 
will be referred to as the optically bright sample; this 
amounts to 73 sources, and provides the target list for our 
spectroscopic identification programme on 4m telescopes. 
Those sources without sky survey counterpart^] but which 
have counterparts in deeper imaging form the target list 
for our spectroscopic identification programme on 8- 10m 
telescopes and are considered the optically-faint sample. 
Our identification programme for the optically faint sam- 
ple is ongoing. The final category of sources ("blank-field 



1 A coding error in the task emldetect led to overestimated 
values for DETJVIL prior to SAS version 6.0. The values of 
DETJVIL given in this paper have been corrected for this prob- 
lem. 

2 We take the the sky survey plate limit to be r ~ 21, and con- 
sider sources with r > 21 as part of the optically-faint sample 
even if they are detected on the sky survey plates. 




Figure 2. 2-4.5 keV X-ray flux vs optical r-band magnitude 
for the hard-spectrum sources. The solid line corresponds to 
the ratio fx/ fu = 1 and the dashed lines indicate the ±1 dex 
interval , where fx /fn, is the ra tio of X-ray to optical flux as de- 
fined in lMcHardv et aL f2003l l. The 2 - 4.5 keV fluxes (h-4.5) 
were determined from the 2-4.5 keV count rates, assuming a 
photon index T = 1.7. 



sources") are those for which no optical counterpart is 
found to r ~ 23. Discussion of the optically faint and 
blank-field samples is deferred to a future paper pending 
the results of the 8-10m spectroscopic campaign. 

The hardness ratios, HR2 and HR3, for the full sam- 
ple of hard spectrum sources are shown in Fig. [I] where 
HR3 is the 4.5-7.5 keV vs 2-4.5 keV hardness ratio, de- 
fined as 

HR3 — ^^ 4 - 5 - 7 - 5 ~ CR2-4.5 ^ 

C-R4.5-7.5 + CR2-4.5 
The optically bright sources are shown as large dots, 
while the optically faint and blank-field sources are shown 
as small dots. The optically faint and optically bright 
parts of the sample have similar hardness ratio distribu- 
tions: the two distributions are indistinguishable at the 90 
per cent confidence level according to the 2-dimensiona l 
Kolmogorov-Smirnov test (jFasano fc Franceschini. 19871 ). 
The underlying greyscale and contours show the hard- 
ness ratio distributio n for the | b |> 20° 1XMM catalogue 
I Watson et al.. 20031 ). The peak in the underlying distri- 
bution at (—0.6,-0.5) corresponds to the typical spectra 
of unabsorbed, broad-line AGN. While such sources dom- 
inate the 1XMM catalogue, (and all medium-depth, flux- 
limited samples of serendipitous XMM-Newton sources) 
the distribution shows a significant tail stretching to larger 
values of HR2. The hard spectrum sample described in 
this paper follows the underlying distribution of 1XMM 
sources well for HR2 >— 0.2, and so is ideal for the study 
of this hard-spectrum tail of the population. 

The optical magnitudes and X-ray fluxes of the hard 
spectrum sources are shown in Fig. and in this fig- 
ure we also show the interval | log 10 (/x//fl) |< 1, 
where fx and fn ar e X-ray flux and optic al flux respec- 
tively, as defined by iMcHardv et aL (20030. The major- 



3 The relationship fx = /ij 
(McH ardv et al.. 2003T) translates to r = 
where /2-4.5 is the 2 - 4.5 keV 



as defined by 
20.175 - log/ 2 „4.5 
flux in units of 
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ity of hard-spectrum sources lie within this interval, as do 
most of the X-ray selected population at this flux level 
(|Stocke et al.. 199ll l. 



3 OPTICAL SPECTROSCOPIC 
OBSERVATIONS 

Optical spectra were obtained in two observing runs. The 
first run took place on the nights of 27th and 28th Jan- 
uary 2003 at the William Herschel Telescope on La Palma. 
Observing conditions were variable, but most of the data 
were taken in conditions of good seeing (~ 1") and sky 
transparency. Observations were made with the ISIS dual 
arm spectrograph using a 1.5" slit oriented at the paral- 
lactic angle, and employing the 5400 A dichroic. On the 
blue arm we used the R300B grating, covering the wave- 
length range from 3000 - 5700 A at 4.9 A resolution (mea- 
sured from arc lines taken through the slit) and on the 
red arm we used the R158R grating, covering the wave- 
length range 5000 - 10000 A at 10.1 A resolution. Spectra 
of CuNe and CuAr arclamps were used to calibrate the 
wavelength scale. Flux calibration, and approximate cor- 
rection for the telluric absorption bands at ~ 6900 and 
~ 7600 A were achieved through observations of G191- 
B2B and BD+33 2642. Data were reduced using standard 
IRAF routines. The reduced, flux calibrated spectra from 
the red and blue arms were then merged to form a single 
spectrum for each target. 

The second observing run took place at the New Tech- 
nology Telescope (NTT) at La Silla on the nights of the 
2nd and 3rd May 2003 in conditions of variable seeing 
and sky transparency. Observations were made using the 
EMMI spectrograph using a 1" slit at the parallactic angle 
and grism #3, providing 8 A resolution and a wavelength 
range of 3800-9000 A. Spectra of He and Ar arclamps were 
used to calibrate the wavelength scale. Observations of 
the spectrophotometric standards LTT4364 and LTT2415 
were used for relative flux calibration. 

In total, spectra of the optical counterparts to 42 
hard-spectrum sources were observed. The spectroscopic 
completeness is 100% for the observed sample, i.e. an 
adequate spectrum yielding a reliable redshift was ob- 
tained for every optical counterpart that was observed. 
Apart from the selection of counterparts from sky survey 
plates, we did not bias the spectroscopic observations to 
bright sources. To demonstrate this, Fig. [4] compares the 
optical magnitude distributions for the optically bright 
sources which were and were not observed spectroscopi- 
cally; the two distributions are indistinguishable according 
to the Kolmogorov-Smirnov test, which gives the proba- 
bility that they were both drawn from the same distri- 
bution as 46 per cent. Hence our spectroscopically identi- 
fied sources are a representative and statistically-complete 
sample of the optically bright (r< 21), hard spectrum pop- 
ulation. 
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Figure 4. Magnitude distributions for sources with r<21 which 
were (upper panel) and were not (lower panel) observed during 
our optical spectroscopic observations. 



4 CONSTRUCTION OF X-RAY SPECTRA 

We extracted X-ray spectra for every source using the 
available XMM-Newton EPIC data. For sources which are 
present in more than one XMM-Newton observation in the 
public archive, we have used all the available data to ob- 
tain the highest possible signal to noise ratio. Table[T]gives 
the XMM-Newton observations used to construct the X- 
ray spectrum of each source. The EPIC data were reduced 
using the Science Analysis System (SAS) verson 5.4. The 
XMM-Newton point spread function changes with off-axis 
angle. Therefore source spectra were extracted from ellip- 
tical source regions with sizes and orientations depend- 
ing on the fluxes and off-axis angles of the sources. Typ- 
ically, these regions have major axes of ~ 18" and mi- 
nor axes of ~ 10". Background spectra were extracted 
from annular regions, of 2.5' outer radius, centred on the 
source, and with all significant X-ray sources excised. Re- 
sponse matrices and the appropriate effective area files 
were computed using the SAS tasks RMFGEN and ARF- 
GEN respectively. For each source the EPIC spectra were 
combined to form a single spectrum using the method of 
iPage. Davis fc Salvi ( 20031 ). Source spectra were grouped 
using the HEASOFT tool GRPPHA to ensure the mini- 
mum number of counts per bin given in Table [3] (usually 
20) before fitting. 



5 RESULTS 

5.1 Optical spectra 

The optical spectra are shown in Fig. [3] and the 
identifications, redshifts and emission line characteris- 
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Figure 3. Optical spectra of hard-spectrum serendipitous sources. 
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tics are given in Table [2] The distribution of off- 
sets between the X-ray sources and optical counter- 
parts is similar to those found in other XMM-Newton 
surveys of simi lar depth (e.g. iBarcons et al.. 2002; 
iFiore et al. 2003I ). with 90 per cent of optical counter- 



parts lying within 3 arcseconds of the X-ray source. 
Note that two of the sources, XMM J122656. 53+013125. 2 
and XMM J134656. 75+580316.65 are also members of 
the XMM-Newt on Bright Serendipitou s Survey and are 
also reported in lDella Ceca et al. (20041 ) . while one of the 
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Figure \S\ continued 



sources, XMM J021939. 22-051133.7, is also a member of ted emission lines with measured FWHlvQ > 1000 km s" 1 
the XMM- Newton Medium Sensi tivity Survey and is also 

reported in iBarcons et al. ('20071 '). We have split the ob- A . . t , . 

' the fWHM nave not been corrected tor the instrumental 

jects into four categories. Objects which have any permit- contri bution, which is up to 600 km s" 1 at the blue end of 

EMMI. 
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have been classified as broad-line active galactic nuclei 
(BLAGN); this class includes QSOs and type 1 Seyferts. 
Galaxies which only show emission lines with FWHM 
< 1000 km s _1 have been classified as narrow emission 
line galaxies (NELGs). Galaxies in which we do not detect 



any emission lines have been classified simply as 'galaxies'. 
Finally, one object has the spectrum of a Galactic star. 

As can be seen in Fig. [3] and Table O the sources all 
have z < 0.8, and majority (31/42) of the sources are clas- 
sified as NELGs. In all the NELGs we observe at least one 
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Figure \S\ continued 



Table 1. XMM-Newton observations used to construct the X-ray spectra. 

Source — XMM-Newton observation IDs 



XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 
XMM 



J005601. 
J005609. 
J021908. 
J021939. 
J022322. 
J080625. 
J083139. 
J090524. 
J094239. 
J094454. 
J094527. 
J095231. 
J095539. 
J104441. 
J104444. 
J105014. 
J105743. 
J111825. 
J115233 
J121312. 
J122656. 
J125701. 
J130129. 
J130458. 
J130529. 
J133026. 
J133623. 
J133913 
J134656. 
J140057. 
J140145. 
J140149. 
J141634. 
J145048. 
J150339. 
J150558. 
J151650. 
J152146. 
J152254. 
J161646. 
J161736. 
J161818. 



36- 012407.4 
41-012641.7 

37- 044731.4 
22-051133.7 
12-045738.1 
35+244326.0 
11+524206.2 
00+621114.2 
79+465005.3 
24-083953.6 
16-083309.4 
84-015016.1 
24+411727.3 
90-012655.3 
50-013313.5 
58+325041.5 
59-033402.4 
42+073448.3 
75+371156.3 
04+024929.8 
53+013125.2 
68+281230.2 
08+274037.1 
98+175451.8 
89-102141.5 
09+241356.7 
04+241738.6 
92-314421.9 
75+580316.5 
10-110120.6 
11+025334.6 
53-111647.8 
78+113329.2 

191431.2 
101605.6 
014104.2 
070907.3 
073113.9 
074534.5 
54+122015.1 
21+122901.5 
95+124110.3 



99H 
604 
424 
304 
614 
634 



0012440101 
0012440101 
0112370401 
0112370301 
0109520501 
0094530401 
0092800201 
0110661701 
0106460101 
0017540101 
0017540101 
0065790101 
0111290201 
0125300101 
0125300101 
0055990201 
0094800101 
0082340101 
0112551401 
0081340801 
0110990201 
0124710701 
0124710801 
0017940101 
0032141201 
0100240101 
0096010101 
0035940301 
0112250201 
0109910101 
0098010101 
0109910101 
0112250301 
0056030101 
0112910101 
0021540101 
0109920301 
0109930101 
0109930101 
0103460901 
0103461001 
0103461001 



0112371501 0112370301 



0092800101 
0110660201 



0124712101 



0100240201 



0112251301 

0070740101 0070740301 
0109920101 



0103460801 
0103460901 
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Table 2. The X-ray sources and optical counterparts. X-ray fluxes are for the 2-4.5 keV band, in units of 10 — 14 erg cm~ 2 s — 1 . The 
column labelled 'r' gives the r magnitude from our Isaac Newton Telescope Wide Field Camera images, except for those sources 
marked with an '*', in which case the magnitude is UK Schmidt R (for southern fields) or POSS-II R (for northern fields). The 'cam' 
column gives the EPIC camera from which the source was selected. The column labelled 'o — x' gives the offset between the X-ray 
and optical positions in arcseconds. 



Source Flux HR2 cam Galactic Njj optical position (J2000) o-x r type z 

(2-4.5) (10 20 cm- 2 ) RA dec (") 



XMM 


J005601. 


.36-012407.4 


2 


.1 


-0. 


.04 ± 0. 


.10 


PN 


3 


.24 


00 


56 


01. 


,16 


-01 


24 


05. 





2. 


.8 


21.0* 


NELG 


0.463 


XMM 


J005609. 


.41-012641.7 


2 


.4 


0. 


.58 ± 0. 


.15 


PN 


3 


.29 


00 


56 


09. 


.56 


-01 


26 


41. 


7 


2. 


2 


17.7* 


NELG 


0.148 


XMM 


J021908. 


.37-044731.4 


5 


.4 





.04 ± 0. 


.10 


M2 


2 


.55 


02 


19 


08. 


.38 


-04 


47 


30. 


,7 


0. 


.7 


19.7 


NELG 


0.279 


XMM 


J021939. 


.22-051133.7 


1 


.8 


0. 


.26 + 0. 


.15 


PN 


2. 


.59 


02 


19 


39 


.08 


-05 


11 


33. 


.4 


2. 


1 


17.7 


NELG 


0.151 


XMM 


J022322 


.12-045738.1 


1 


.9 


0. 


.60 ± 0. 


.10 


PN 


2. 


.63 


02 


23 


21. 


.95 


-04 


57 


38. 


9 


2. 


7 


20.7* 


NELG 


0.780 


XMM 


J080625. 


.35+244326.0 


5 


.8 


0. 


.13 + 0. 


.19 


Ml 


3. 


.91 


08 


06 


25. 


.33 


+24 


43 


21. 


1 


1. 


9 


20.0 


BLAGN 


0.608 


XMM 


J083139. 


.11+524206.2 


1 


.2 





.02 ± 0. 


.11 


PN 


3. 


.84 


08 


31 


39. 


.08 


+52 


12 


05. 


.8 


0. 


5 


17.4 


NELG 


0.059 


XMM 


J090524. 


.00+621114.2 


i 


.0 





.43 ± 0. 


.16 


M2 


4. 


.47 


09 


05 


23. 


.75 


+62 


11 


09. 


3 


5. 


2 


18.2* 


NELG 


0.175 


XMM 


J094239. 


.79+465005.3 


3 


.5 





.24 + 0. 


.11 


Ml 


1. 


.25 


09 


42 


39. 


.99 


+46 


50 


04. 


9 


2. 


1 


20.3 


NELG 


0.284 


XMM 


J094454 


.24-083953.6 


3 


.3 





.18 ± 0. 


.16 


Ml 


3 


.60 


09 


41 


54. 


.02 


-08 


39 


52. 


8 


3. 


.4 


20.3* 


NELG 


0.362 


XMM 


J094527. 


.16-083309.4 


1 


.7 





.49 ± 0. 


.21 


PN 


3. 


.58 


09 


15 


27. 


.18 


-08 


33 


08. 


1 


1. 


3 


18.7* 


NELG 


0.369 


XMM 


J095231. 


.84-015016.1 


5 


.2 


-0. 


.08 ± 0. 


.10 


PN 


3. 


.96 


09 


52 


31. 


.79 


-01 


50 


13. 


9 


2. 


3 


18.7* 


galaxy 


0.316 


XMM 


J095539. 


.24+411727.3 


2 


.8 





.06 ± 0. 


.21 


PN 


1. 


.16 


09 


55 


39. 


.38 


+41 


17 


29. 


6 


2. 


8 


19.1* 


NELG 


0.249 


XMM 


J104441. 


.90-012655.3 


1 


.9 


0. 


.05 ± 0. 


.07 


PN 


4. 


.18 


10 


44 


41. 


.88 


-01 


26 


56. 


2 


1. 





19.1* 


NELG 


0.160 


XMM 


J104444. 


.50-013313.5 


2 


.0 


-0. 


.01 ± 0. 


.09 


PN 


4. 


.19 


10 


41 


44. 


.48 


-01 


33 


10. 


6 


2. 


9 


18.3* 


M star 


0.000 


XMM 


J105014. 


.58+325041.5 


1 


.8 


-0. 


.13 + 0. 


.14 


PN 


2. 


.00 


10 


50 


14. 


.58 


+32 


50 


42. 


6 


1. 


1 


20.0 


NELG 


0.309 


XMM 


J105743. 


.59-033402.4 


2 


.0 


0. 


.18 ± 0. 


.14 


PN 


3 


.59 


10 


57 


43. 


.68 


-03 


34 


02. 





1. 


1 


19.0 


BLAGN 


0.567 


XMM 


J111825. 


.42+073448.3 


1 


.3 


0. 


.22 ± 0. 


.11 


PN 


3 


.75 


11 


18 


25. 


.25 


+07 


34 


48. 


8 


2. 


6 


20.3 


BLAGN 


0.466 


XMM 


J115233. 


.75+371156.3 


9 


.2 





.07 + 0. 


.13 


Ml 


1. 


.88 


11 


52 


33. 


.80 


+37 


11 


56. 


5 


0. 


6 


19.1* 


NELG 


0.411 


XMM 


J121312. 


.04+024929.8 


2 


.1 





.42 ± 0. 


.34 


PN 


1. 


.79 


12 


13 


12. 


.17 


+02 


49 


25. 


9 


1. 


1 


18.8* 


NELG 


0.216 


XMM 


J122656. 


.53+013125.2 


7 


.5 


-0. 


.23 ± 0. 


.06 


PN 


1. 


.84 


12 


26 


56. 


,16 


+01 


31 


24. 


6 


1. 


2 


19.6* 


BLAGN 


0.732 


XMM 


J125701. 


.68+281230.2 


3 


.3 





.12 ± 0. 


.12 


PN 





.91 


12 


57 


01. 


.72 


+28 


12 


30. 


2 


0. 


5 


18.8* 


BLAGN 


0.305 


XMM 


J130129. 


.08+274037.1 


2 


. 1 





.38 ± 0. 


.15 


Ml 


0. 


.94 


13 


01 


29 


.17 


+27 


10 


37. 


3 


1. 


2 


19.7* 


NELG 


0.462 


XMM 


J130458. 


.98+175451.8 


2 


.8 





.66 ± 0. 


.18 


Ml 


2 


.15 


13 


01 


59. 


.01 


+17 


54 


54. 


.4 


2. 


6 


16.3 


NELG 


0.034 


XMM 


J130529. 


.89-102141.5 


1 


.4 


0. 


.39 ± 0. 


.14 


PN 


3. 


.32 


13 


05 


29 


.89 


-10 


21 


42. 


3 


0. 


.8 


19.3* 


NELG 


0.366 


XMM 


J133026. 


.09+241356.7 


2 


.5 


0. 


.04 + 0. 


.08 


PN 


1. 


.16 


13 


30 


26. 


.05 


+24 


13 


56. 


1 


0. 


8 


18.7* 


NELG 


0.166 


XMM 


J133623. 


.04+241738.6 


4 


.1 


0. 


.12 + 0. 


.12 


M2 


1. 


.17 


13 


36 


22 


.90 


+24 


17 


36. 


.5 


2. 


.8 


20.1 


NELG 


0.341 


XMM 


J133913 


.92-314421.9 


2 


.3 





.01 + 0. 


.12 


Ml 


3. 


.85 


13 


39 


13. 


.91 


-31 


14 


22. 


.4 


0. 


6 


19.4* 


galaxy 


0.378 


XMM 


J134656. 


.75+580316.5 


3 


.4 


0. 


.47 + 0. 


.10 


PN 


1. 


.27 


13 


46 


56. 


.75 


+58 


03 


15. 


7 


0. 


8 


20.0 


galaxy 


0.373 


XMM 


J140057. 


.10-110120.6 


2 


.9 


-0. 


.12 + 0. 


.11 


M2 


4. 


.12 


14 


00 


57. 


.09 


-11 


01 


21. 


2 


0. 


6 


18.0* 


BLAGN 


0.257 


XMM 


J140145. 


.11+025334.6 


2 


.2 


-0. 


.21 + 0. 


.09 


PN 


2. 


.33 


14 


01 


45. 


.02 


+02 


53 


33. 


1 


2. 





18.0* 


NELG 


0.242 


XMM 


J140149. 


.53-111647.8 


1 


.9 





.20 + 0. 


.12 


PN 


4. 


.54 


14 


01 


49. 


.52 


-11 


16 


48. 


.4 


0. 


6 


19.8 


NELG 


0.248 


XMM 


J141634. 


.78+113329.2 


3 


.9 


0. 


.08 ± 0. 


.11 


PN 


1. 


.82 


14 


16 


34. 


.82 


+ 11 


33 


31. 


5 


2. 


1 


20.8 


NELG 


0.519 


XMM 


J145048. 


.99+191431.2 


3 


.9 





.02 ± 0. 


.10 


M2 


2. 


.48 


14 


50 


48. 


.98 


+19 


14 


30. 


9 


0. 


3 


18.1* 


BLAGN 


0.774 


XMM 


J150339. 


.60+101605.6 


9 


.7 


0. 


.63 + 0. 


.10 


Ml 


2. 


.32 


15 


03 


39. 


.50 


+10 


16 


03. 





3. 





16.9* 


NELG 


0.088 


XMM 


J150558. 


.42+014104.2 


3 


.1 





.16 + 0. 


.08 


PN 


1 


.26 


15 


05 


58. 


.38 


+01 


11 


01. 


.3 


0. 


6 


19.2 


NELG 


0.237 


XMM 


J151650. 


.30+070907.3 


3 


.1 


0. 


.07 + 0. 


.14 


Ml 


2. 


.68 


15 


16 


50. 


.37 


+07 


09 


04. 


3 


3 


2 


20.5* 


NELG 


0.674 


XMM 


J152146. 


.64+073113.9 


4 


.2 


-0. 


.16 + 0. 


.06 


PN 


3. 


.05 


15 


21 


16 


.68 


+07 


31 


13. 


.4 


0. 


.8 


19.9 


NELG 


0.429 


XMM 


J152254. 


.63+074534.5 


1 


.1 


-0. 


.06 ± 0. 


.20 


PN 


3. 


.12 


15 


22 


54. 


.63 


+07 


45 


33. 


.4 


1. 


1 


19.4* 


NELG 


0.400 


XMM 


J161646. 


.54+122015.1 


2 


.3 


-0. 


.09 ± 0. 


.11 


PN 


1 


.57 


16 


16 


16. 


.37 


+12 


20 


17. 


6 


3. 


5 


19.1* 


NELG 


0.256 


XMM 


J161736. 


.21+122901.5 


3 


.3 


0. 


.09 ± 0. 


.18 


PN 


4. 


.59 


16 


17 


36. 


.25 


+12 


29 


03. 


3 


1. 


9 


15.7* 


NELG 


0.030 


XMM 


J161818. 


.95+124110.3 


3 


.3 





.43 ± 0. 


.28 


M2 


4. 


.56 


16 


18 


19. 


.00 


+12 


11 


11. 


6 


1. 


5 


18.3* 


NELG 


0.191 



Seyfert 1 galaxies (|Osterbrock fc Pogge. 19 85). In 
XMM J122656. 53+013125.2 the Mg II line has a mea- 
sured FWHM of 1600 km s _1 , and the other lines all 
have FWHM < 1000 km s _1 . However the large ratio 
of [Q IH1/H/3 rules out a n arrow-line Seyfert 1 galaxy 
i|Shuder fc Osterbrock. 198ll) . and suggests instead that 
the broad line region is heavily reddened. The Mg II 
profile could be a composite of emission from the narrow 
line region and a reddened line from the broad line region. 
For XMM J140057.10-110120.6 only one emission line is 
detected (Ha) with a measured FWHM of 1900 km s" 1 . 
The red, galaxy-dominated continuum leads us to suspect 
that the nucleus and broad line region are also reddened 



of Ha, [O HI] 4954 A/5007 A or [Oil] 3727 A. The three 
objects classified as galaxies have 0.3 < z < 0.4, simi- 
lar to the mean redshift for the NELGs, (z) = 0.29 + 0.03, 
so their galaxy classification is not due to these emission 
lines being redshifted outside the observed spectral win- 
dow. The 7 BLAGN, however, have a higher mean red- 
shift than either the NELGs or galaxies, (z) = 0.53 + 0.08. 
More than half of the BLAGN are identified by a broad 
Mg II 2798 A line. 

Two sources (XMM J122656. 53+013125. 2 and 

XMM J140057. 10- 110120.6) have emission lines 

with 1000 km s < FWHM < 2000 km s _1 , 

and therefore might conceivably be narrow line 



© 0000 RAS, MNRAS 000, 000-000 



The XMM-SSC survey of hard- spectrum XMM-Newton sources 1: optically bright sources 11 



in this object, and that the Ha line profile is likely to be 
a composite of emission from the narrow line region and 
a reddened broad line. 



5.2 Basic X-ray spectral modeling 

The X-ray spectra are shown in Fig. [6] As a starting point 
for the spectral modeling we considered an absorbed power 
law model, corresponding to an AGN viewed through a 
screen of cold material. For each object we included a 
zero-redshift absorber with Nh fixed at the Galactic value 
found from 21 cm observations l|Dickev fc Lockman. 1 990) 
and a cold absorber at the redshift of the source with Nh 
as a free parameter in the fit. In fits of this type, partic- 
ularly in low-moderate signal/noise data, the power-law 
photon index T and absorbing column density Nh are 
somewhat degenerate, and this can lead to large, highly 
coupled uncertainties on both parameters. Therefore 
we began our spectral fitting with F fixed at a value 
of 1.9, which is the mean slope found for unobscured 



BLAGN in XMM-Newton surveys (Mainicri et al.. 2002 


Piconcelli et al.. 2002 


; Caccianiga et al.. 2004 


Mateos et al.. 2005al; 


Page et al.. 2006bh. 



The results of these fits are given in Table [3] the un- 
certainties listed in Table [3] and all subsequent tables are 
95% for one interesting parameter (A^ 2 = 4). We consider 
a null hypothesis probability of 1% to be an appropriate 
threshold for rejection of the spectral model, because at 
this level, and for our sample size, we expect less than one 
rejection by chance if the form of the model is correct. Of 
the 42 sources, 33 are therefore acceptably fitted with this 
model, while 9 objects (~ 20%) are not acceptably fitted. 
In 7 of the 9 cases, the poor \ 2 is due to an excess of flux 
in the lowest energy channels with respect to the model 
(see Fig.0. 



5.3 Modelling the 9 sources with complex X-ray 
spectra 

We now examine in more detail the X-ray spectra of the 
9 sources which were not well fitted with a V = 1.9 power 
law and neutral absorption. Before considering spectral 
models with an additional soft X-ray component, we 
investigate the possibility that the poor \ 2 could be a 
consequence of our decision to fix V = 1.9 in the power law 
component. There is certainly a ra nge of photon indices in 
the unabsorbed A GN population |Mateos et al.. 200 5a b; 
iPage et al.. 2006bD . and the fit with fixed F could result 
in significant residuals for AGN which are outliers in 
this distribution. Therefore, for the nine objects which 
had unacceptable X 2 /v, we refit the spectra, this time 
allowing the photon index of the power law to vary as a fit 
parameter. The results of these fits are shown in Table [4] 
Four of the objects are acceptably fitted with this model, 
but only one of these, XMM J122656. 53+013125. 2, has 
a value of V consistent with a 'normal' AGN spectrum. 
The other 3 objects (XMM J161736. 21+122901. 5, 
XMM J094239. 79+465005.3, and 

XMM J080625. 35+244326.0) for which this fit yields a 
reasonable x 2 /v have best fit photon indices which are 
exceedingly hard, T < 1.2. Such photon indices are well 
outside the range of photon indices normally observed in 



unabsorbed AGN (> 3.5cr outliers from the distribution, 
iMateos et al.. 2005al ). and therefore we consider that 
the variation in AGN photon indices only provides a 
plausible explanation for the poor fit of the absorbed 
T = 1.9 power law model to the X-ray spectrum of 
XMM J122656.53+013125.2. 

For the 9 objects not well fitted in Section[5]2j we now 
consider a model of photoelectric absorption in which the 
absorber is ionised, rather than cold, as ionised absorp- 
tion is often observed in nearby Seyfert 1 galaxies (e.g . 
iRevnolds. 19971 ; iGeorge et al.. 19981 ; iBlustin et al.. 20051 ). 
For this we use the 'absori' model in XSPEC, in which the 
ionization state of the absorber is defined by the ionization 
parameter £ = L/nr 2 , where L is the ionising luminosity 
of the source, n is the number density of the absorber and 
r is the distance of the absorber from the ionising radi- 
ation. The photon index of the power law was fixed at 
T = 1.9, and the temperature of the absorber was fixed 
at 3xl0 4 K (the fits are not sensitive to this parameter). 
The results are given in Table [S] This model produces ac- 
ceptable X 2 / u f° r 4/9 of the sources, but does not give 
acceptable fits for the other 5 objects. 

Next we considered two different models which con- 
tain an additional component which is bright at the soft 
X-ray end of the spectrum. To minimise the number of 
free parameters in the fit, we maintain a fixed F = 1.9 for 
the primary power law component in these fits. 

In the first model, we include a second power law 
with T = 1.9, but which is not attenuated by the column 
of cold gas intrinsic to the object, and represents a com- 
ponent of the primary emission which is scattered into our 
line of sight, bypassing the absorber. The photon indices 
of both power laws were frozen at a value of 1.9 in this 
model. Although such a model is lacking in experimen- 
tal verification from observations of nearby AGN, it has 
a long heritage (e.g. Holt et al.. 1980l; iTurner et al.. 1997; 



iFranceschini et al.. 20031 ; ICaccianiga et al.. 20041 ). and its 
functional form provides a simple and convenient param- 
eterisation of the relative contributions of the primary, 
absorbed component and the component which provides 
the excess flux at soft energies. The results of fitting this 
model are listed in Table [6] All but 2 objects are fitted ac- 
ceptably using this model. We have also used this model 
to determine 95% upper limits for the contribution of any 
soft component in the sources which are acceptably fitted 
with a simple absorbed power law model, by increasing the 
contribution of the unabsorbed power law until Ax 2 =4 
with respect to the model without the unabsorbed power 
law; these upper limits are included in Table 

In the second model, we include an optically- 
thin thermal plasma component ('mekal' in XSPEC) 
instead of an additional power law. We do not in- 
clude any attenuation of this component by the in- 
trinsic absorber, because it is intended to represent a 
soft X-ray line emitting plasma which lies outside the 
central, obscured region of the AGN. Such a compo- 
nent of line e mitting plasma has long been seen in 
Seyfert 2s (e.g. iMarshall et al.. 19931 ; lUeno et al.. 19941 ; 
ITurner et al.. 19971 ; lOgle et al.. 2000l ). Observations with 
the gratings onboard XMM-Newton a nd Chandra show 
that the gas is photo i onised (e.g. Sako et al.. 2 000 ; 
iKinkhabwala et al.. 20021 ; iBrinkman et al.. 2002) rather 
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Table 3. Absorbed power law fits to the XMM-Newton spectra with fixed photon index V = 1.9. The column labelled 'Counts 
min/bin' indicates the minimum number of counts per bin used when constructing the spectrum. A is the power law normalisation 
in units of 10 — 5 photons cm -2 s — 1 keV - 1 . The 'Prob' column gives the null hypothesis probability corresponding to \ 2 l v - Confidence 
limits are given at 95% for one interesting parameter (Ax 2 = 4); confidence limits that are truncated by the allowed fit range of 
the parameter, rather than by Ax 2 = 4 are labelled with The final column gives the 95% upper limit on the ratio of a second, 
unabsorbed power law to the primary absorbed power law for those sources which are well fitted by the single absorbed power law 
model, as described in Section 15.31 



Source 



XMM J005601.36-012407.4 
XMM J005609.41-012641.7 
XMM J021908.37-044731.4 
XMM J021939.22-051133.7 
XMM J022322. 12-045738.1 
XMM J080625.35+244326.0 
XMM J083139. 11+524206. 2 
XMM J090524.00+621114.2 
XMM J094239.79+465005.3 
XMM J094454.24-083953.6 
XMM J094527.16-083309.4 
XMM J095231.84-015016.1 
XMM J095539.24+411727.3 
XMM J104441.90-012655.3 
XMM J104444.50-013313.5 
XMM J105014.58+325041.5 
XMM J105743. 59-033402.4 
XMM J111825.42+073448.3 
XMM J115233. 75+371156. 3 
XMM J121312.04+024929.8 
XMM J122656.53+013125.2 
XMM J125701.68+281230.2 
XMM J130129.08+274037.1 
XMM J130458.98+175451.8 
XMM J130529.89-102141.5 
XMM J133026.09+241356.7 
XMM J133623.04+241738.6 
XMM J133913.92-314421.9 
XMM J134656.75+580316.5 
XMM J140057.10-110120.6 
XMM J140145. 11+025334.6 
XMM J140149.53-111647.8 
XMM J141634.78+113329.2 
XMM J145048.99+191431.2 
XMM J150339.60+ 101605.6 
XMM J150558.42+014104.2 
XMM J151650.30+070907.3 
XMM J152146.64+073113.9 
XMM J152254.63+074534.5 
XMM J161646.54+122015.1 
XMM J161736.21+122901.5 
XMM J161818.95+124110.3 
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than collisionally ionised (as in the mekal model). How- 
ever, the two cases are indistinguishable at the resolution 
and signal to noise ratio of our data. The fit results are 
given in Table [7] this model is quite successful, in that it 
provides an acceptable fit for 6 of the 9 sources. 



6 DISCUSSION 

6.1 Optical identifications of the hard spectrum 
sources 

The hardness ratio selection has produced a sample with 
considerably different optical properties to the general X- 
ray population at 50.5-4.5 > 10 -14 erg cm -2 s" 1 . Of 
our sample of 42 objects, 31 are identified as NELGs, 
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Table 4. Absorbed power law fits to the XMM-Newton spectra with photon index T free to vary. A is the power law normalisation in 
units of 10 -5 photons cm~ 2 s _1 keV -1 . The 'Prob' column gives the null hypothesis probability corresponding to x 2 / u - Confidence 
limits are given at 95% for one interesting parameter (Ax 2 = 4); confidence limits that are truncated by the allowed fit range of the 
parameter, rather than by A\ 2 = 4 are labelled with '*'. 



Source 


r 


A 


log N H 


x 2 / 


V 


Prob 










(cm" 2 ) 












XMM J021908. 37-044731.4 


i c+0.8 
1,o -0.6 


1 3+ 11 


91 7 +0.3 
zl - '-21.7* 


35 / 


13 


1.0 


x 10' 


-3 


XMM J021939.22-051133.7 


1 4+1-3 


1 7 +ii.7 


iin 7+0.3 
zz -'-0.4 


22 / 


8 


5.1 


x 10' 


-3 


XMM J080625.35+244326.0 


i 1+0.5 
1 - L -0.3 


64+ 32 




8/ 


1 




0.10 




XMM J083139. 11+524206.2 


i 7+O.8 
1, '-0.7 


4 0+15.9 
— 3 2 


23 - 2 -0.2 


148 / 


37 


3.9 


x 10~ 


15 


XMM J094239.79+465005.3 


1 0+ ' 4 
i ' u -0.3 


0-351°:?° 


21 5 +0 - 5 


17/ 


9 


5.8 


x 10 


-2 


XMM J122656.53+013125.2 


i 5 +0.3 


3-6±i:| 


on n+0.2 
zz -°-0.2 


31 / 


1(5 


1.4 


x 10' 


-2 


XMM J133026. 09+241356.7 


5+ - 2 


oi+O.OS 




74 / 


33 


6.0 


x 10 


-5 


XMM J150339. 60+101605.6 


5+ ' 5 


55+ - 78 
U ' OO -0.09 


21.815-" 


35 / 


12 


4.6 


x 10' 


-4 


XMM J161736.21+122901.5 


5+ ' 4 


n oq+0.23 


0-0l S 


5/ 


9 




0.85 





Table 5. Fits to the XMM-Newton spectra with a power law of T = 1.9 passing through an ionized medium. A is the power law 
normalisation in units of 10~ 5 photons cm~ 2 s~ 1 keV" 1 . The ionisation parameter £ is in units of erg cm s — 1 . Confidence limits are 
given at 95% for one interesting parameter (Ax 2 = 4); confidence limits that are truncated by the allowed fit range of the parameter, 
rather than by Ax 2 = 4 are labelled with '*'. The 'Prob' column gives the null hypothesis probability corresponding to x 2 ' l v - 

Source A log Nn log £ X 2 /" Prob 

(cm" 2 ) 

XMM J021908.37-044731.4 2.4l°' 4 T2.2^\ 

XMM J021939.22-051133.7 3.81^',!, 23.0l°- 2 

XMM J080625.35+244326.0 2.0l°,' 7 ; 22. 91 ,' 4 

XMM J083139. 11+524206. 2 6.7lj' 2 23.4l^ 

XMM J094239. 79+465005. 3 1.2l°- 4 22.4l°' 2 

XMM J122656.53+013125.2 5.81J' jjj 22.51°,- \ 

XMM J133026.09+241356.7 2.7l°' 4 22.6l°'i 

XMM J150339.60+101605.6 7.3l 2 ° 23.o1q 2 

XMM J161736.21+122901.5 l-Slo'g 22.3l°- 2 
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compared to < 20% of the overall X-ray population at 
this flux level (|Barcons et al.. 200&t ). This is as expected 
from AGN unification schemes, because the hardness ra- 
tio traces absorption. It is in line with the findings of 
several Chandra and XMM-Newton surveys, that sources 
with large har dness ratios are predominantly narrow 
line objects (e.g. Hasingcr et al.. 20 01: Bargcr et al.. 20021 ; 
ISilverman et al.. 20051) and confi rms the specific finding s 
of iDella Ceca et al. (20041 ) and ICaccianiga et al. (2004 ) 
that a large fraction of XMM-Newton sources with HR2 > 
—0.3 are narrow line objects. In contrast, BLAGN, which 
are the majority source population in simple flux lim- 
ited surveys of equivalent depth l|Barcons et al.. 2 003; 
iFiore et al. 20031 ). account for only 7 out of 42 of our 
sources. These emission line demographics are also re- 
markably different to those found in hard spectrum 
sources selected at lower energy: in the hard-spe ctrum 
ROSAT sample of iPage. Mittaz fc Carrera (20011) . the 
majority of the sources are BLAGN with only ~ 20% 
identified as NELGs. There are many examples of X- 
ray absorbed AGN in the literature which appear to 
show far less attenuation to their broad lines than 
would be expected fro m a standard Galactic mixture 
of gas and dust (e .g. lLoaring. Page fc Ramsay. 20031 ; 
lAkivama et al.. 2000l ). However, in most cases the absorb- 
ing media responsible for hardening the X-ray spectra of 



the sources in our sample have successfully suppressed the 
AGN continuum and broad emission lines. 

Only 1 source (XMM J104444.50 - 013313.5) out 
of 42 has an optical counterpart which is a Galactic 
star, compared to 11% of the overa ll X-ray population a t 
50.5-4.5 > 2 x 10 -14 erg cm" 2 s _1 (|Barcons et al., 20031 ). 
In fact it is suprising that even one source in our sam- 
ple should turn out to be a star, because coronally active 
stars have optically thin thermal spectra which peak in 
the range 0.7-1 keV, and thus they should be excluded 
from our sample by our hardness ratio selection (Eq. [2} • 
This is well established empirically: almost all of the stars 
in the XMM- Newton Bright Serendip itous Survey have 
HR2 < -0.3 (|Della Ceca et al.. 20041 ). The X-ray spec- 
trum of XMM J104444.50- 013313.5 has a similar form to 
the rest of our sample, and is consistent with an absorbed 
r = 1.9 power law shape. T his would be highly anoma- 
lous for a Galactic star (e.g. IPage et al.. 2006br ). There- 
fore we must consider the possibility that the M star is 
not the correct optical counterpart to XMM J104444.50- 
013313.5. In Fig. [7] we show a 1' x 1' region, centred 
on XMM J104444.50 - 013313.5, from an R band image 
taken with the Wide Field Imager on the 2.2m telescope 
in La Silla. A second optical counterpart is seen closer 
to the X-ray source position than the M star, but 2.9 
magnitudes fainter. We consider that this fainter optical 
source is more likely to be the correct optical counter- 
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Table 6. Two component fits to the XMM-Newton spectra consisting of two power laws, of which one is absorbed by cold material, 
and the other is not. A\ is the normalisation of the absorbed power law and A2 is the normalisation of the unabsorbed component, in 
units of 10 -5 photons cm" 2 s" 1 keV - 1 . Both power laws have fixed T = 1.9. Confidence limits are given at 95% for one interesting 
parameter (A% 2 = 4); confidence limits that are truncated by the allowed fit range of the parameter, rather than by A% 2 = 4 are 
labelled with '*'. The 'Prob' column gives the null hypothesis probability corresponding to \ 2 /v. 

Source A\ A2 log Njj X 2 l v Prob 

(cm" 2 ) 

XMM J021908.37-044731.4 2.2+.°';? 0.32±° \l 22.3toj 16 / 13 °- 27 

XMM J021939.22-051133.7 4.1+^ O.ll+Jog 22.9+°"| 7/8 0.54 

XMM J080625. 35+244326.0 1.5+^ 0.56+°; 2 ^ 22.7+°;® 4/4 0.47 

XMM J083139. 11+524206.2 7.st\'i °- 13 tox)l 2SA -o.i 39 / 37 0.38 

XMM J094239.79+465005.3 1.3±Q*f 0. 05±g^ 22.4^°J 23 / 9 5.5 x 10~ 3 

XMM J122656. 53+013125. 2 5.7+.°;^ 0.00+°;°^ 22.4+°;^ 37 / 16 2.0 x 10" 3 

XMM J133026.09+241356.7 3.0+g;| 0.20±° °l 22.6+.°;;[ 27 / 33 78 

XMM J150339.60+101605.6 7.9+. 2 ; 2 , 0.2ljlg;g| 22.9+.°;;[ 22 / 12 3 - 7 x 10 ~ 2 

XMM J161736.21+122901.5 2.4+J g 0.23l° 5o 22.5+°' 3 11/9 0.30 



Table 7. Two component fits to the XMM-Newton spectra consisting of an absorbed, T = 1.9 power law, and an optically-thin 
thermal plasma. A is the power law normalisation in units of 10 — 5 photons cm -2 s — 1 keV - . The 'Prob' column gives the null 
hypothesis probability corresponding to \ 2 /" ■ Confidence limits are given at 95% for one interesting parameter (Ax 2 = 4); confidence 
limits that are truncated by the allowed fit range of the parameter, rather than by Ax 2 = 4 are labelled with '*'. 

Source A log N H kT 

(cm" 2 ) (keV) 

XMM J021908.37-044731.4 2.4±g;| 22.1+j};§ 0.23+. ,; , 7 . 

XMM J021939. 22-051133. 7 3.8+^J 22.81 ,; 2 , °- 30 lo.08 

XMM J080625.35+244326.0 1.9+°"^ 22.4+2 | 0.43+.°' 4 ° 

XMM J083139.11+524206.2 7.2l^' 2 23.31^ 1.00±°,'°°* 77 / 40 8.6 x 10" 5 

XMM J094239. 79+465005. 3 l-4±oA 22 - 5 -ol L00 toi8* 1K/fi h tw in-2 

XMM J122656. 53+013125. 2 5.7+^"° 22.4^° } 1.00+_°-°°* 37 / is 1 o v in-3 

XMM J133026. 09+241356. 7 2.9+. ,- 4 22. 5tg} 0.29+.°'°5? aa I to 7>;yin-2 

XMM J150339. 60+101605.6 7.3t 2 ^ 22.8t°/ 2 1.00+°,^°* 27 / 11 4.0 x 10~ 3 

XMM J161736. 21+122901. 5 2.1+°-° 22.3+q 3 , 0.41+°'^ 17 /s 9Qvin-2 
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part than the M star, and that the proximity of the M 
star to the X-ray source is coincidental. If this is correct, 
then XMM J104444.50 - 013313.5 should be assigned to 
the optically-faint subsample, rather than optically-bright 
subsample. 

6.2 Redshift and luminosity distributions 

For each source we have calculated the intrinsic, rest-frame 
2-10 keV luminosity, based on the unabsorbed primary 
power law continuum from the best-fit spectral model, 
shown in Fig. [6] These luminosities are shown as a func- 
tion of redshift in Fig. [5] As expected from a flux limited 
sample[f] luminosity is strongly correlated with redshift: 
the linear correlation coefficient of log L2-10 an d z is 0.84, 
and the probability that there is no correlation is < 10 -11 . 
The BL AGN of the sample have higher mean redshifts and 
luminosities ((z) = 0.53 + 0.08, (logL 2 -io) = 43.7 + 0.19) 
than the NELGs ««) = 0.30 ± 0.03, (logL 2 -io) = 43.0 ± 
0.12), but the differences are only of moderate statistical 



5 A uniform flux limit has not been imposed on the sample; 
nonetheless the sample is flux-limited in that the distance to 
which an object of any particular luminosity can be detected is 
determined by its flux. 



significance: according to the Kolmogorov-Smirnov test 
both the redshift distributions and the luminosity distri- 
butions differ between the BLAGN and NELGs with 98% 
confidence. 

All but 2 of the sources have 2-10 keV luminosities in 
excess of 10 42 erg s _1 , and therefore undoubtably contain 
AGN. The other two objects, which have 2-10 keV lu- 
minosities of ~ 10 41 erg s _1 , do not display deep Balmer 
absorption lines in their optical spectra, which would indi- 
cate a population of young stars. One of these two sources, 
XMM J161736.21 + 122901.5, has emission lines which 
classify it as a Seyfert 2, and hence is unambiguously 
AGN-dominated. The other, XMM J130458.98 + 175451.8, 
has only a weak [O II] 3727 A line, and no Ha emission can 
be discerned, suggesting that it is not strongly star form- 
ing, and hence that its X-ray emission must also come 
from an obscured AGN. 

Most of the objects in our sample have luminosi- 
ties typical of Seyfert galaxies (10 41 < L2-10 < 10 44 ). 
However, the three highest redshift objects have L2-10 > 
10 44 erg s _1 , within the luminosity range of QSOs. Two 
of these would be classified as 'type 2' QSOs according to 
their optical spectra: XMM J022322.12 - 045738.1 shows 
only narrow lines, and XMM J122656.53 + 013125.2 is 
dominated by narrow lines (although the FWHM of Mg II 
exceeds 1000 kms -1 , leading to a BLAGN classification 
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Figure 5. 2-10 keV luminosities of the sample as a function 
of redshift. The luminosities have been computed for the pri- 
mary power law component in the best fitting model for each 
source, and are corrected for absorption. The sources enclosed 
in circles are those which are best fit with a soft component in 
addition to an absorbed power law. The black circles indicate 
sources for which the detection of a soft component is secure, 
while the grey circles indicate sources for which the best-fit 
model includes a soft component, but for which the alternative 
ionised-absorber model also produces an acceptable fit (i.e. ten- 
tative detections of the soft component). Note that the most 
luminous source is XMM J122656. 53+013125. 2, which has an 
optical spectrum that is dominated by narrow emission lines, 
but is classified as a BLAGN because it has an Mg If line with 
FWHM> 1000 km s" 1 . 



according to our scheme). The other, XMM J080625.35 + 
244326.0, shows little evidence for optical obscuration, ex- 
hibiting a strong ultraviolet continuum and broad emis- 
sion lines (Fig. [3} . 

All of the sources in our sample have been im- 
aged at 1.4 GHz by the Very Large A rray sur- 
yeys FIRST (iBecker, White fc Helfand. 19951 ) or NVSS 
(jCondon et al.. 199&t ) . Only two of our X-rav sources have 
radio counterparts with 1.4 GHz flux density > 2.5 mjy: 
XMM J 150339.60+101605.6 with a flux density of 113 mjy 
and XMM J104444.50 - 013313.5 with a flux density 
of 4.3 mjy. The position of the radio counterpart to 
XMM J104444.50 - 013313.5 is consistent with the faint 
counterpart near the centre of the error circle, rather than 
the M star that we observed with the WHT. The small 
rate of radio detections implies that the sample is almost 
completely dominated by radio-quiet objects. 



6.3 X-ray spectral characteristics 

The spectral fits show that the basic hypothesis that the 
sources have spectra similar to normal, unobscured AGN, 
attenuated by large columns of cold absorbing material, 
is adequate for most of the sources. The underlying con- 
tinua are in almost all cases consistent with a typical AGN 
power law of V = 1.9. Only one object appears to require 
a different spectral index: for XMM J122656. 53+013125. 2 
the only model that produces an acceptable fit to the X- 
ray spectrum has F = 1.5 ± 0.3. In four of the remain- 
ing 8 cases for which the basic F = 1.9 power law and 
cold absorber are rejected, an ionized absorber provides 
an acceptable fit to the X-ray spectrum. However, in only 
one case does the ionized absorber provide the highest 
null-hypothesis probability (i.e. best fit) of all the models 
tried: XMM J080625. 35+244326.0, which is also the only 
BLAGN in the sample for which the simple power law and 
cold absorber model fails. Its intrinsic luminosity (L2-10 ~ 
10 44 erg s _1 ) is similar to that of t he archetypal warm - 
absorber Seyfert 1 H0557 - 385 jAshton et al., 20061 ), 
suggesting that this is a plausible model. It is inter- 
esting to note that in t heir study of 41 ser endipi- 
tous XMM-Newton sources, IPiconcelli et al. (20021 ) found 
evidence for an ionized absorber in only one source, 
XMMU J140127.7+025603, which is also a BLAGN. 
Furthermore, in a study of the 13 H Deep Field, 
iPage et al. (20 06b) found that at least one of the X-ray 
absorbed BLAGN (source 101) has an ionised absorber. 
Unfortunately XMM J080625.35+244326.0 has one of the 
poorest signal-to-noise X-ray spectra in our sample, and 
the models incorporating an additional component of soft 
X-rays also result in acceptable fits. Nonetheless, the suc- 
cess of the ionised absorber model for this object is consis- 
tent with a picture in which a significant fraction of X-ray 
absorbed BLAGN posess ionised absorbers. 

For the remaining 7 sources, all classified as NELGs, 
for which the simplest model (a F = 1.9 power law and 
cold absorber) is rejected, the best fits are obtained when 
an additional soft component is included. For 4 of these 
sources this is the only viable model, so we consider these 
to be 'secure' detections of the soft component. We con- 
sider the other 3 sources to be 'tentative' detections of the 
soft component, because we cannot rule out the alterna- 
tive model with an ionised absorber on \ 2 grounds. Both 
models for the soft component are successful for most, but 
not all, of these 7 objects: the power law soft excess results 
in acceptable fits for all but XMM J094239.79+465005.3, 
and the thermal plasma soft excess results in accept- 
able fits for all but XMM J083139. 11+524206. 2 and 
XMM J150339.60+101605.6. It is somewhat suprising that 
the power law soft component is as successful as the ther- 
mal plasma, given that the soft X-ray emission in nearby 
Seyfert 2s is readily resolved into lines by grating obser- 
vations (e.g. iKinkhabwala et al.. 20021 : ISako et al.. 2000: 
ISambruna et al.. 200ll ). However, it should be noted 
that an unabsorbed power law soft component was 
required to reproduce the soft X-ray emission ob - 
served in NGC 4151 with ASCA l|George et al.. 1998T ). 
even though this emission was also subsequently re- 
solved into line e mission and recom bination continua 
l|Qgle et al.. 200fj| : ISchurch et al.. 20041 ). As our EPIC 
spectra are of much lower signal/noise than the archival 
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ASCA data on NGC 4151, we cannot rule out a soft 
component dominated by emission lines and recom- 
bination continua in XMM J083139. 11+524206.2 and 
XMM J150339.60+101605.6. 

It is notable that the 7 NELGs with tentative or se- 
cure detections of a soft X-ray component are toward the 
lower redshift, lower luminosity end of the sample (see Fig. 
|SJ|. All of them have z < 0.3 and L 2 _io < 3 x 10 43 erg s _1 . 
This may be a natural consequence of the way we have se- 
lected and analysed the sample. Firstly, for higher redshift 
sources a smaller proportion of the soft component is visi- 
ble within the 0.2-10 keV energy range of EPIC, making it 
more difficult to detect the soft component. Secondly, the 
HR2 — <jhr2 > —0.3 selection criterion will exclude ob- 
jects from the sample if the soft component is too strong. 
For a typical source with F = 1.9, log Nh = 22.5 and 
o~hr2 = 0.15, the strength of soft component that will re- 
move it from the sample declines from 16 per cent of the 
primary power law at z = 0.3 to only 7 percent at z = 0.6. 
Thus a soft excess is simultaneously more difficult to de- 
tect, and more likely to violate our selection criterion, at 
z > 0.3. The upper panel of Fig. [8] shows the 0.5-2 keV 
luminosities of the soft components in these 7 objects as 
a function of redshift, based on the model with a power- 
law soft component. The soft component luminosities, like 
the primary emission, appear to be highly correlated with 
redshift. This may itself be a selection effect related to 
our ability to detect the soft component in the presence of 
the primary absorbed power law. The most powerful soft 
component of the 7 sources has a 0.5-2 keV luminosity of 
~ 2 x 10 42 erg s" 1 , but this is a 'tentative' soft compo- 
nent as the spectrum of XMM J021908.37 - 044731.4 can 
also be modelled with an ionised absorber; of the 4 secure 
detections of the soft component, the most powerful has 
a luminosity of ~ 3 x 10 41 erg s -1 . In the lower panel of 
Fig. [8] we show the ratios of the soft component flux to 
the intrinsic (i.e. unabsorbed) flux of the primary power 
law component. We also show the upper limits for soft 
component contributions for the NELGs in which no soft 
component is detected. All of the secure soft component 
detections have luminosities equivalent to less than 10% 
that of the primary power law, and more than half of the 
upper limits are also below this level. Only 1 tentatively 
detected soft component has a luminosity >10% of the 
primary power law. 

In the XMM-Newton perfor mance-verification ob - 
servations of the Lockman Hole, iMainieri et al. (2002) 
find only one source that requires a soft component su- 
perimposed on a heavily absorbed primary power law. 
This object (#50 in Mainieri et al. 2002, and #901 in 
iLehmann et al.. 200 ll ) has similar properties to the ob- 
jects in our sample that show an additional soft compo- 
nent: narrow optical emission lines, z = 0.204 and L2-10 ~ 
10 43 erg s" 1 . In the 13 H Deep Field. iPage et al. f2006bl ) 
also find one absorbed source (#100), with convincing 
evidence for an additional soft component. This source 
has narrow e mission lines, z = 0.27 and L2-10 = 4 x 
10 42 erg s -1 . ICaccianiga et al~ (20041 ) find 3 heavily ab- 
sorbed objects which require additional soft components 
among their sample of serendipitous 4.5-7.5 keV selected 
XMM-Newton sources. Again, all have narrow optical 
emission lines, z < 0.3, and L2-10 < 3 x 10 43 erg s _1 . 




Figure 7. 1' X 1' r band image of XMM J104444.50 - 013313.5. 
The black circle is a 6" radius circle centred on the X-ray source 
position. The brigher counterpart is the M star for which we 
have an optical spectrum. The fainter counterpart is closer to 
the centre of the circle and thus to the X-ray source position. 



However, iMateos et al. (2005b) find 3 heavily absorbed 
narrow-line AGN in the very deep XMM-Newton obser- 
vations of the Lockman Hole, which have 0.7 < 2 < 0.8 
and 3 x 10 43 erg s" 1 < La-10 < 10 44 erg s"\ and which 
require additional soft components. The soft component 
0.5-2 keV luminosities are < 2 x 10 42 erg cm -2 s _1 in all 
3 cases, similar to the soft component luminosities found 
in our sample. 

Our results are in stark contrast to the soft X-ray 
properties reported for a bsorbed sources in the BEP- 
POSAX HELLAS survey: IVignali et al. (20011 ) find that 
additional soft components, equivalent to between 25% 
and 65% of the primary unabsorbed power law emis- 
sion, are required in 6/12 heavily absorbed (Nh > 5 x 
10 22 cm -2 ) broad-line sources. However, as we have al- 
ready discussed, the HR2 selection criterion will exclude 
objects with very strong soft components from our sam- 
ple, and a typical source at z = 0.3 with Nh = 3 x 
10 22 cm" 2 , will only be selected in our sample for a 
soft component equivalent to < 16 per cent of the pri- 
mary emission. Nonetheless, it is hard to explain such 
powerful soft components, equivalent to greater than 25 
percent of the primary emission, in terms of scattered 
emission (see Section I6.6|l . One possibility is that these 
HELLAS broad line AGN actually posess ionised ab- 
sor bers, which in the hardness ratio analysis performed 
bv lVignali et al. f200ll ). could not be distinguished from 
cold absorption and a strong soft component, as would be 
the case for XMM J080625. 35+ 244326.0 in our sample. 
For NELGs, IVignali et al. f200ll ) report that 2 absorbed 
HELLAS objects with narrow emission lines showed evi- 
dence for additional soft X-ray components, equivalent to 
5% and 35% of the primary power law emission. While 
the HELLAS source with a soft component equivalent to 



© 0000 RAS, MNRAS 000, 000-000 



The XMM-SSC survey of hard- spectrum XMM-Newton sources 1: optically bright sources 17 




XMM J005601.36 
-012407.4 



0.3 0.5 1 



E (keV) 



0.3 0.5 1 3 

E (keV) 



XMM J083139.ll 
+524206.2 



E (keV) 



XMM J094454.24 
-083953.6 



XMM J005609 
-012641.7 




5 10 0.3 



XMM J021939.22 . f 

-051133.7 fr 



XMM J022322.12 
-045738.1 




5 10 0.3 0.5 




XMM J090524.00 
+621114.2 




XMM J094527.16 r^+= 
-083309.4 , 



























XMM J021908.37 


r - 




-044731.4 





5 10 0.3 0.5 1 



5 10 




XMM J080625.35 
+244326.0 



10 £0.3 0.5 1 



XMM J094239.79 
+465005.3 



+: 



0.5 1 



XMM J095231.84 
-015016.1 





0.5 1 



10 0.3 



10 0.3 0.5 1 



XMM J095539.24 
+411727.3 





XMM J104441.90 
-012655.3 



XMM J104444.50 + ± +4. 
-013313.5 




Figure 6. X-ray spectra of the sources (datapoints) together with absorbed T = 1.9 power law models (black stepped 
lines). Both model and data have been divided by the effective area as a function of energy, and the spectra are dis- 
played as E X Fe so that an unabsorbed power law with T = 2 would be a horizontal line. When the absorbed T = 
1.9 power law model does not provide an acceptable fit to the data, the best alternative model is shown in grey. For 
XMM J021908.37-044731.4, XMM J021939. 22-051133. 7, and XMM J094239. 79+465005.3 the grey model includes a mckal compo- 
nent, for XMM J083139. 11+524206. 2, XMM J133026.09+241356.7, XMM J150339.60+101605.6 and XMM J161736.21+122901.5 the 
grey model includes an unabsorbed power law component, for XMM J080625. 35+244326.0 the grey model has an ionised absorber, 
and for XMM J122656.53+013125.2 the grey model has a power law index of T = 1.5. 
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5% of the primary power law is comparable with our find- 
ings, 35% is larger than any soft component that would be 
expected in our sample by the HR2 selection cretierion. 



6.4 X-ray bright, optically normal galaxies 

Three sources in our sample (XMM J095231.84 - 
015016.1, XMM J133913.92 - 314421.9 and 



XMM J134656.75 + 580316.5) have 2-10 keV luminosities 
of 10 43 — 10 44 ergs s _1 , but show no emission lines in their 
optical spectra; they are therefore " X-ray bright, optically- 
normal galaxies" (X BONG s; see Comastri et al.. 2002 ; 
iGriffiths et al.. 19951 : 
discussed by 



Elvis et al.. 19811) 



As 

ISevergnini et al. (20oS) and 
iMoran. Filippenko fc Chornock f2002h . the majority 
of such objects are thought to be AGN in which the 
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emission lines are undetectable against the host galaxy 
starlight except in high signal to noise observations 
with subarcsecon d spati al resolution. As discu ssed in 
iPage et al. f2003h and ISevergnini et al. (20031 ), both 
absorbed and unabsorbed AGN could contribute to the 
XBONG population. Our three sources are consistent 
with the absorbed AGN scenario, as all three show 
significant X-ray absorption. 



6.5 Limits on the gas-to-dust ratios in BLAGN 

Fig. [9] shows the distribution of absorber Nh from the 
best fit models as a function of redshift. Nh ranges 
from 7 x 10 21 cm" 2 to 3 x 10 23 cm" 2 , with a mean of 
3 x 10 22 cm" 2 . The distributions of N H for the BLAGN, 
NELGs and galaxies are indistinguishable with a KS 
test. There is no correlation between log Nh and red- 
shift (linear correlation coefficient of —0.05), which is 



interesting because the hardness ratio criterion (Equa- 
tion [2]) should select objects with higher column density 
at higher redshift and higher luminosities. The paucity 
of luminous (L2-10 > 10 44 erg cm -2 s _1 ) sources with 
Nh > 10 23 cm -2 in the sample implies either that such 
sources are rare, or that the optical limits have excluded 
these objects from the sample. 

It is rewarding to compare our sample with 
the sample of ROSAT sources presented in 
IPage. Mittaz fc Carrera (200 ll ). which is also a hard- 
spectrum, X-ray colour selected sample, has a 0.5-2 keV 
flux limit which is similar to our 2-4.5 keV flux limit, 
and has a similar optical magnitude limit to the sample 
presented here. Our XMM-Newton sample is selected at 
higher energies, so that at any given redshift it selects 
objects with higher column densities than the ROSAT 
sample. Whereas our XMM-Newton sample contains 
no objects at z > 1, almost a quarter of the ROSAT 
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Figure 8. Top panel: 0.5-2 keV luminosities of the soft compo- 
nents (based on the power law model) for the 7 NELGs with a 
spectrum more complex than an absorbed power law. The filled 
symbols indicate those NELGs for which acceptable fits were 
only found with an additional soft component (i.e. solid detec- 
tions of the soft component), while the open symbols indicate 
those objects for which acceptable fits could also be found with 
an ionised absorber instead of a soft component (i.e. tentative 
detections of the soft component). Bottom panel: ratios of the 
soft (unabsorbed) power law normalisation to that of the pri- 
mary (absorbed) power law, for the NELGs. Filled and open 
triangles indicate the same objects as in the top panel, while 
upper limits are given for those objects that could be fitted 
with the absorbed power law model (see Table l3l . 



sample (14/62 objects) have z > 1, all of which are 
BLAGN with 21.4 < log ATh < 22.6; most of them show 
little attenuation by du st in their ultraviolet spectr a 
and have R < 21 (e.g. iPage. Mittaz fc Carrera. 2000h . 
At z > 1 the flux limits and X-ray colour selection of 
our survey mean that it is most sensitive to AGN with 
23 < logAf H < 23.5. Therefore the lack of BLAGN with 
Nu > 10 23 cm -2 , and the absence of any objects at z > 1 
in our R < 21 XMM-Newton sample implies that BLAGN 



with Nh > 10 23 cm -2 , but without significant attenuation 
in the UV, are rare. Assuming that this is because of ex- 
tinction in the optical/UV, we can estimate the maximum 
effective gas-to-dust ratkjf] which is found in our X-ray 
absorbed AGN sample as follows. To have been extin- 
guished beyond the optical limits of the sample (R = 21), 
BLAGN at z ~ 1 would have to be attenuated by more 



6 The Galactic gas-to-dust ratio which would produce equiva- 
lent UV extinction for the X-ray derived cold column density. 



Figure 9. Column densities of the sample as a function of 
rcdshift. 



than 1 magnitude at 3500 A (restframe) compared to 
the ROSAT sample of IPage. Mittaz fc Carrera (200 ll ) in 
which all but two BLAGN have R < 20. This would be 
equi valent to an extinction of E{B — V) — 0.2 for Galactic 
dust l|Rieke fc Lebofskv. 1985T) , which would correspond 
to Nh ~ 10 21 cm" 2 for a G alactic gas-to-dust ratio 
(Bohlin, Sava ge fc Drake. 19781 ). Thus we should observe 



BLAGN with z > 1 and N H > 10 23 cm" 2 in our sample 
if they have effective gas-to-dust ratios > 100 x Galactic. 
Since we do not observe such sources, we infer that 
BLAGN with effective gas-to-dust ratios > 100 x Galactic 
are absent from our sample. 

The space density of z > 1 X-ray absorbed BLAGN 
with 21.4 < logA^H < 22.6 is ~10% the space den- 
sity of unobscure d BLAGN llAkivama et al.. 2 000: 
Mainieri et al.. 20021 ; IPage et al. 2004 : 

Perola et al.. 20041 : ISilverman et al~ 20051 ; 

Page et al.. 2006bl ). The lack of BLAGN with 
23 < \ogN H < 23.5 in our XMM-Newton sample 
(at higher energies than the ROSAT sample, but with a 
similar limiting flux) implies that such objects have an 
even smaller space density, equivalent to no more than a 
few percent of the unobscured population. It is interesting 
to compare this to the space density of broad absorption 
line (BAL) QSOs, which make up ~ 15% of the optical 
QSO population in the redshift in terval (1.7 < z < 3.5 ) 
where the BALs can be detected dReichard et al.."2 003). 
and approximately hal f of which have Nh > 10 23 cm -2 
l|Gallagher et al.. 20021 ). BALQSOs are the only subset of 
the optically-selected BLAGN population which appear 
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to have effective ga s-to-dust ratios ~ 100 x Galactic 
(Mai olino et al.. 200ll ), showing both strong UV emission 
and large X-ray column densities. The limits from our 
survey imply that BALQSOs will also form the majority 
of BLAGN with extreme gas-to-dust ratios amongst the 
X-ray selected population. 



6.6 Implications for the AGN population and 
geometric unification 

The phenomonology of X-ray absorbed AGN is an im- 
portant test of the AGN unification scheme, which pos- 
tulates that AGN ar e surrounded by a dense obscuring 
torus of dust and gas l|Antonucci. 1993). or optically thick 
material associated with the outer accretion disc (e.g. 
lEUt zur fc Shlosman. 20061 ). and therefore the X-ray and 
optical absorption properties of AGN are primarily deter- 
mined by their orientation with respect to the observer. 
Overall, the results found here and elsewhere are in broad 
agreement with this unification scheme, because the ma- 
jority of the sources that show significant X-ray absorption 
(i.e. N„ > 10 22 cm" 2 ) are NELGs, and so have optical 
properties consistent with an edge-on perspective, namely 
narrow emission lines and absent or highly-attenuated nu- 
clear UV/optical continua. From the X-ray spectra of 31 
such NELGs presented earlier, there are 4 secure detec- 
tions of an additional soft component which is equivalent 
to between 2 and 7 per cent of the primary, absorbed, 
emission. In addition, there are 3 tentative detections, 
and for most of the sources the upper limits do not rule 
out a soft component equivalent to several per cent of 
the primary emission. The secure detection rate alone im- 
plies that such components are present in > 4% of the 
po pulation (at 9 5% confidence, based on the estimators 
of iGehrels. 19861 ) . Thus a non-negligible fraction of these 
heavily absorbed, narrow-line objects show an additional 
component of soft X-ray emission that apparently escapes 
the obscuring torus. 

In the context of the unified scheme, some soft X- 
ray emission is expected to arise from obscured AGN in 
the form of X-rays that are reprocessed or scattered in 
the ionisation cones of the AGN. In such a geometry, 
the amount of soft X-ray radiation that can be directed 
into our line of sight depends on the opening angle of the 
torus, and the fraction of the soft X-ray emission that is 
absorbed or scattered in the ionisation cones. Assuming 
that the torus covers 80% of the sky, as inferred in optical 
and X-ray studies of local AGN (iMaiolino fc Rieke. 1995; 



iRisaliti. Maiolino fc Salvati. 19991 ) . and that the radiation 
that is intercepted within the ionisation cones is scattered 
or re-emitted isotropically (so that half is directed back 
towards the torus), then the luminosity of the scattered 
component will be 10 per cent of the luminosity that was 
absorbed or scattered within the ionisation cone. Thus to 
produce a soft component equivalent to 5 percent of the 
primary power law requires that ~ half of the soft X-rays 
are absorbed or scattered within the ionisation cone. For 
such a large fraction of the soft X-ray radiation to be in- 
tercepted within the ionisation cone implies that the cone 
must contain an ionised absorber with a large column den- 
sity. 

Thus within the context of the unified scheme, the 



fraction of absorbed, narrow line objects that show an 
additional soft component, equivalent to several per cent 
of the primary emission, should be matched by (at least) 
the same fraction (i.e. > 4 per cent) of broad line objects 
displaying significant absorption (> 50 per cent) of their 
soft X-rays from an ionised absorber. Note that this is a 
lower limit to the fraction of heavily absorbed broad line 
objects, since ionised absorption close to the base of the 
ionisation cone will not redirect X-rays over the edge of 
the torus. 

While many S eyfert Is in the local Universe have 
ionised absorbers (jRevnolds. 19971 ; iGeorge et al.. 1998: 
iBlustin et al.. 20051'). only a few n earby objects such 
as NGC3783 ilBlustin et al.. 20021; iNetzer et al.. 20031 ; 
iKrongold et al.. 20031 ; iBehar et al.. 20031 ) and H 0557-385 
l|Ashton et al.. 20061 ) are known to absorb more than 
half of the incident soft X-ray emission. Nonetheless, 
the pr esence of these 2 obje cts within the 19 BLAGN 
in the IPiccinotti et al. f 19821 ) sample is consistent with 
our expectation of > 4 per cent. For more distant 
objects, the fraction of BLAGN with heavy soft X-ray 
absorption is ~ 1 per cent jAkivama et al.. 2000 



Main ieri et al.. 2002 ; 



Page et al.. 2004 



Perola et al.. 20041 ; ISilverman et al.. 2005 

iPage et al.. 2006bl ). This is compatible with our findings 
for the NELGs provided that > 40 per cent of these 
X-ray absorbed BLAGN are viewed pole-on and harbour 
high-opacity ionised absorbers, so that > 4 per cent 
of all BLAGN have this property. Evidence that this 
could be the case is building up: within the sample 
presented here an ionised absorber provides the best 
fit to the spectrum of XMM J080625.35 + 244326.0, 
and examples of X-ray absorbed BLAGN which 
requ ire ionised absorber s have also been found 
by iPiconcelli et al. (2001 ). IPage et al (2006al ). and 
IPage et al. f2006bl). Objects classified as "soft X-ray 
weak quasars" l|Brand. Laor fc Wirls.~2 000) also appear 
to be BLAGN with substantial soft X-ray absorption, and 
the absorbers in a s ignificant fraction of these are also 
found to be ionised l|Schartel et al.. 20051 ). These results 
indicate that within the context of the unified scheme, 
the current limits on the scattered components in narrow 
line objects are compatible with the numbers of X-ray 
absorbed broad line objects. 

Finally, it is worth asking how the three galaxies with- 
out discernable optical emission lines fit within this pic- 
ture. In our sample, they are outnumbered ~10:1 by the 
NELGs, and so are a minority of the absorbed AGN pop- 
ulation. In trying to fit these objects with the unified 
scheme, we can envisage four possible hypotheses for the 
apparent weakness of their optical emission lines: (i) the 
AGN are so weak compared to the host galaxies that the 
emission lines are undetectable against the bright galaxy 
continua, (ii) the tori in these objects have covering fac- 
tors approaching unity, (iii) their narrow line regions are 
themselves obscured, or (iv) the gas in their narrow line 
regions is so tenuous as to make the optical emission lines 
anomalously weak. Hypothesis (i) can be ruled out im- 
mediately: their optical to X-ray flux ratios lie within 0.5 
dex of the fx/fR = 1 line shown in Fig. [5] and are in- 
distinguishable from those of the NELGs. In all the re- 
maining possibilities, the fraction of soft X-rays that can 
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be reprocessed and redirected into our line of sight should 
be negligible, and so significant soft X-ray components in 
their X-ray spectra would be inconsistent with the unified 
scheme. Soft components are not detected in any of the 3, 
as expected from the unified scheme. 



7 CONCLUSIONS 

We have defined the XMM-SSC survey of hard-spectrum 
XMM-Newton sources, and presented optical and X-ray 
spectra for an optically-bright (r < 21) sample of 42 
sources. We find that our hardness ratio selection crite- 
rion provides a very clean sample of X-ray absorbed AGN , 
in a greement with the findin gs of ICaccianiga et al. ( 20041 ) 
and lDella Ceca et al. (20041 ). Every source in the optically 
bright sample is an AGN with 21.8 < log JVh < 23.4, with 
the possible exception of one source. This source has an 
optical counterpart which is a Galactic M star, but we 
argue that a fainter optical counterpart, closer to the X- 
ray source position, is more likely to be the correct optical 
counterpart. Most (36/42) of the sources have X-ray lumi- 
nosities characteristic of Seyferts (10 42 erg s _1 < L2-10 < 
10 44 erg s _1 ). The majority of the sources (31/42) show 
only narrow emission lines (FWHM < 1000 kms -1 ) in 
their optical spectra, although a small number (7) of the 
sources also show broad emission lines, and 3 sources have 
no detectable emission lines in their optical spectra. None 
of the sources have z > 1. The lack of broad line AGN 
at higher redshifts, luminosities and column densities im- 
plies that the effective gas-to-dust ratio in AGN absorbers 
rarely exceeds 100 x Galactic, and it is unlikely that more 
than a few percent of broad line AGN have X-ray column 
densities of cold gas which are > 10 23 cm -2 . In 7 of the 
31 NELGs an absorbed power law is unable to fit the X- 
ray spectrum satisfactorily; an additional soft component 
provides acceptable fits for these objects. In our sample, 
these soft components are only observed in narrow emis- 
sion line objects which are relatively nearby (z < 0.3) and 
have low-moderate luminosity (L2-10 < 3 x 10 43 erg s^ 1 ). 
These soft components are a natural consequence of the 
AGN unified scheme if they are soft X-rays that have been 
absorbed and re-emitted within the narrow line region. 
This would require that > 4 per cent of broad line AGN 
have ionised absorbers with > 50 per cent opacity to soft 
X-rays, indicating that a substantial fraction of X-ray ab- 
sorbed broad- line AGN have ionised absorbers. 
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